Introduction. So far some methods to help diagnosis of ADHD grounded in EEG decomposi-
Introduction
ADHD is a síndrome caused by a maduration déficit in the basal frontal lobe, according to the available evidence (Sarnthein, Morel, Von Stein, y Jeanmonod, 2005; Saunders y Westmoreland, 1979) . It has a prevalence rate of 5-7% in childhood (Willcutt, 2012) and produces behavioral and learning deficits that interfere with the normal development of the individuals who suffer from it. Since the inhibition deficit at inhibiting their own behavior and maintaining attention in an external stimulus, a requirement that is predominant in classroom tasks, forces the student to a great adaptation effort, which is not always successful, as a consecuence, their management in classrooms difficult for teachers. This problem also often occurs at home and hinders the normal process of socialization and adoption of social norms.
Thus, both academic and interpersonal demands can be altered; something, teachers and parents tend to agree on. It is known that if they are medicated from a moment near the beginning of the syndrome, the probability of falling into alcohol or drugs and antisocial behaviors decreases by 60-70% (Sweeney, 2009 ). In the case of adult with ADHD, the lack of attention, their tendency to cognitive fatigability and lack of consistency, interferes with the learning of complex tasks and forces them to be continuously changing their job, which makes their socialization harder, besides academic problems. Their antisocial behavior and their passage to more serious psychiatric forms are frequent, especially in relation to the consumption of drugs. Therefore, a quick and cheap diagnosis would facilitate the treatment from the initial moments of the process.
Another added difficulty to the correct identification of ADHD patients lies in the lack of reliability and validity of the assessment instruments normally used for school guidance and clinical diagnosis. Besides, these are not fully objective nor specific methods for the detection of organic pathology of the central nervous system. These are difficulties taht education proffesionals, parents and society have to face. So far the diagnosis was clinical and the Food and Drug Administration (FDA) and American Association of Neurology recommended that it should be performed by a multidisciplinary team, consisting of Neuropaediatricians, Psychologists and Child Psychiatrists, since it can be caused by multiple causes and overlap with similar symptomatologies originated by other pathologies, which made the process costly both in time and money. In this search, some researchers have proposed to use the electroencephalogram (EEG) for the diagnosis of ADHD, since it has certain characteristics to make (Epstein, Bej, y Foldvary-Schaefer, 2006; Moore y Puri, 2012; Snyder, Rugino, Hornig, y Stein, 2015) .
Recently, bioelectrical markers extracted from the EEG have been proposed to be capable of identify and distinguish ADHD cases from other disorders of similar or overlapping syntomatology, and do so whith a high discriminative capacity. With the simple analysis of the power spectrum of the frequency bands, measured with FFT on the simultaneous recording electrodes, Magee et al., (Magee, Clarke, Barry, McCarthy, y Selikowitz, 2005) , using standard statistical procedures (cluster and regression analysis), obtained a diagnostic sensitivity of 89%, with a specificity of 79.6%. Poil, with a similar procedure, achieved a diagnostic accuracy of 67%, with a reliability of 83% in adults (Poil et al., 2014) . Other authors have proposed the Theta / Beta, Theta Beta Ratio (TBR) ratio of frontopolar regions and the frontal midline, which is increased in cases of ADHD but lower than 1 in normal cases, as indicated by Rudo-Hutt (Rudo-Hutt, 2015) and Snyder (Snyder et al., 2015) , that is why this calculation is considered as a biomarker for the quick ADHD diagnosis in children with compatible symptomathology. With TBR and coherence data, algorithms are created that reach a level of accuracy of 76% in the discrimination of the normal and ADHD patients EEG, and the 81% if we add age, according to Helgadóttir (Helgadóttir et al., 2015) .
Objectives and hypotehsis
However, compared to direct visual analysis of EEG, these procedures, requiere a very sofisticated equipment, that are not always available for the usual neurofisiologic services.
According to our experience, certain predetermined presentations of the EEG records, allow a quicker and easier identification, if bipolar montages with no more thatn 5-10 channels per epoch are displayed. The objective of this study is to compare different methods of ADHD discrimination based on the computerized EEG.
Method

Participants
This work studied two different samples of subjects. The first sample is constituted by typical ADHD symptomathology and 20 were normal subjects without ADHD symptomathology that were recorded between years 2005 and 2010, in the Service of Neurophysiology at the General Hospital Santa Mª del Rosell of Cartagena (Spain). That study was approved by ethical commite of the aforementioned hospital. The ADHD subtype was not specified (hiperactive or innatentive) in the sample. First, because this is a retrospective study and many of the cases were not classified following ADHD subtypes. Second, because the study's objective was to fast screen posible ADHD cases, and only then filiate the subtypes, because, as far as we know, EEG has not yet been used for that differentiation.
A second sample was colleted in order to compare a third diagnostic method, which will be further described. For this method, subjects without previous experience in the interpretation of EEG and the clinical diagnosis of ADHD were collected. A total of 21 first grade students of Speech therapy voluntarily performed the diagnostic test based on EEG records.
Demographic data of the second sample can be found in Table 1 . 
Measures
EEG recodings have a duration of 20 seconds, a 1-32 Hz bandpass, and the frequencies used for FFT decomposition were between 1-40 Hz, with a slope less than 40 Hz and with a sampling frequency of 250 Hz. None of these cases had expressive sings of epileptogenic potentiality. These recordings were obtained at rest, with eyes closed and were free of artifacts. They were analyzed by the authors using two methods of frequency decomposition and by a set of subjects with no EEG reading experience through direct visual recognition with an ad hoc montage. with ADHD and a normal one). These naive subjects were asked if they had previous EEG reading experience. Five subjects were discarded because the answers were incomplete and this prevented calculating the accuracy rate. None of them had experience in EEG as evidenced by their respective occupations and their answers.
The answers were automatically registered through a computerized application of a web form where the images of the recordings were presented and asked to select whether it was a normal case or ADHD. The subjects previously visualized two examples of normal recordings and two examples of recordings with ADHD, in images similar to those shown in Figures 1 and 2 . Subsequently, the presentation began after accepting their express consent. In addition, only during the first five slides, subjects were given the correct choice after their selection in order to provide feedback on their response. When the subjects finished identifying the recordings, they were informed, through the application, of the completion of the test.
In addition, a scale of 1 to 10 was included at the end of the test to indicate the subjective difficulty of the task.
Statistical analysis
In order to compare the means between the percentages of the different frequency bands obtained with the first two procedures (automatic and visual, Verley) and the TBR and Delta + Theta / Alfa indices for EEG for ADHD and normal subjects non parametric tests were employed. The Kruskal-Wallis test for independent samples, considering p <.05 as significant was calculated. For the calculation of the diagnostic accuracy, the ROC curves were obtained for sensitivity and specificity of each of the methods. The response types were extracted and the Sensitivity / Susceptibility S = VP / (VP + FN) and Specificity E = NP / (FP + NP) (Pepe, 2003) . The discriminant capacity, following the ROC curve analysis of each procedure, was calculated using the formula: Sensitivity -(1-Specificity) (see Pepe for a review, 2003) . SPSS v.21 was used for these analyzes. See Table 2 . 
Results
Subjects with ADHD presented a higher Theta / Beta ratio than the normal cases (Ta- Table 3 . Using the TBR as a diagnostic indicator and using the cutoff value = 1, two groups were obtained: a) <1 for normal and b) > 1 for ADHD. The discrimination coefficient proved to be very effective, separating the cases of ADHD from the Normal ones with a success rate of 92.9% (Discrimination coefficient = .929; p <.003). Figure 2 . EEG recording of a 7 years old normal subject nique (Table 4 ). The Beta rhythm appears so scarce because it is very difficult to identify the times in which it is dominant, since it generally appears overimposed to other slower activities that are dominant with the naked eye. As in the FFT discrimination procedure based on FFT, Verley's visual analysis showed that the richness of slow waves (delta + theta) in the fronto-central regions was much higher in the cases of ADHD (Cohen's d = 2.05). The ROC curve calculation of the Alpha and Delta + Theta rhythm richness through the quotient for the identification of ADHD vs. Normal, yielded a significantly discriminatory capacity of 91.7%
Figure 1. EEG recording of a 9 year old ADHD patient
(Discrimination coefficient = 0.917, p < .016).
Tabla 4. Mean differences between Verley direct visual method and the Delta+Theta/Alfa for ADHD and Normal cases
Note: *p<.05; **p<.01
Regarding the discriminative capacity of the global visual test for the naive subjects without previous experience, we found different results depending on the perceived difficulty.
A 55.5% of the naive subjects who showed a low level of difficulty in discriminating between the cases / controls were 86.6% (Discrimination coefficient = 0.868, p < .01). While the rest reached a discrimination index of 0.726 that was not significant (p > .05). The comparisons of the discrimination indices for the three methods are shown in Figure 4 . It can be noticed that the sensitivity or susceptibility of detection of a case of ADHD is greater in the direct global visual test of the tracing than the automated calculation method of Theta / Beta. Frequency band analysis procedures (both FFT and visual) proved to have a more specific discrimination profile, while the overall visual diagnosis of subjects with no experience was more sensitive to ADHD cases. In summary, we found that direct visual procedures are capable of detecting ADHD cases with typical clinical practice, even by a group of subjects without previous training. 
Discussion and conclusion
In classrooms, teachers and counselors often find children from whom they suspect they might have psychoeducational alterations beyond normal difficulties. Differentiating those cases that could improve with an educational intervention alone from those who need complementary treatment (psychological, medical, etc ...) is overdemanding for the educator, more oriented to teaching. In addition, in the case of ADHD, the diagnostic difficulties, so evident in the literature, require a more precise screening compared to other more manageable alterations in the educational environment. Our results offer a fast, EEG-based screening method that promotes referral to multidisciplinary teams and can shorten the time from the detection of the psycho-educational problem to the begining of treatment.
As Moore and Puri point out in their book "Texbook of Clinical Neuropsychiatry and
Behavioral Neurosciences" (Moore & Puri, 2012) , The interpretation of an EEG is far from intuitive. While some knowledge of Neuroanatomy makes it easy to understand an MRI or CT scan, understanding the EEG, as well as the EKG, requires a certain degree of preparation, since, as Epstein points out, EEg recordings requiere both correct registration and appropiate presentation (C. Epstein et al., 2006) . Taking these facts into account, plus the verification that depending on the region in which they appeared specific visual preparation of the recordings facilitated the recognition of rythm abnormalities, we had to admit the utility of the proposed bipolar montages, with few derivations by derivation, allowing global visual recognition in the EEG recordings in cases of probable ADHD syndrome. This can be made easily and cheaply, since it does not need more apparatus than the simple electroencephalograph.
This idea is supported by Snyder who, in a work published in "Brain and Behavior", suggested that the EEG could be of help in the diagnosis of ADHD (Snyder et al., 2015) .
The fact that an important number of people without previous knowledge of electroencephalography and even medical knowledge were able to identify ADHD cases, with only a discreet information on what the task requested and through the Internet, shows that the presentations are clear enough and the cases of ADHD differ from the normal ones. It also makes clear that the mere knowledge of the bioelectrical manifestation of the syndrome is enough to suspect its presence in a subject, given that it has a concrete structure that is manifested by the excess of theta activity and by a deficit of rapid rhythms specially in fronto-polar regions. Snyder et al. (Snyder et al., 2015) found an average increase of 32% of the frontal increase in theta rhythms in a previous review study analyzing a total of 1498 cases of ADHD compared to normal, was also found (Cohen's d between 1.14-1.48) (Snyder Y Hall, 2006a) .
In our study, we found differences of similar magnitude (Cohen's d = 2.00) for the TBR method and for the visual decomposition method of the EEG recording using the Delta + Theta / Alpha index (Cohen's d = 2.05). Notice that all the results point in the same direction.
Under normal conditions, the richness of frontal beta activity is usually higher than that of theta activity. As a consecuence, the TBR ratio is usually less than one. However, in the ADHD syndrome it is always greater than one and the higher the ratio the more significant. Therefore, the TBR has to be considered as a true biomarker. The cases of similar clinic, with a TBR ratio above the normal (TBR <0.7) but low in relation to the most significant cases (admission limit for ADHD = 0.98) (normal mean + 1.5 SD normal) (Monastra, Lubar, Y Linden, 2001) , usually have a clinical symptomatology comorbid to the typical ADHD, which is best explained by other psychiatric or neurological pathologies (criterion E of the DSM) (Daley, 2004; Mirsky Y Duncan, 2001; Snyder et al., 2015; Zametkin et al., 1990) . This means that the cases selected by the bioelectrical method must be recognized by a multidisciplinary clinical team as indicated in the introduction. In addition, there is a group of ADHD clinical syndromes that have normal EEG and only manifest the clinical symptomps. These can only be diagnosed by clinical study. At present, they represent between 16 and 18% of the prevalence of ADHD (Loo Y Makeig, 2012) , for this reason EEG research continues in this syndrome in order to find faster and more reliable algorithms than the current ones.
In our case, for children with typical clinical presentation, we obtain a discrimination index using the automatic TBR of 92%, which is similar to other studies reviewed by Loo (Loo Y Makeig, 2012) which range between 63% to 97% and between 61 y el 88 %, according to another meta-analysis review (Snyder Y Hall, 2006b) . With the direct visual method (Verley) , we obtain a discrimination index of 91.7%, calculatin the ation between slow activity (delta+theta) and alpha activity. This may be suggesting that the (Theta+Delta)/Alpha index as calculated by the authors is a reliable method for the selection of posible ADHD cases and does not requiere any additional instrument apart from the EEG recording device.
The correct treatment is very important to be successful with the integration of these patients in society. However, in the history of patients of this type there are often large dis-these reasons, in all Western societies, an alternative easy, safe and cheap method for diagnosis is being explored to diagnose and treat these patients as early in their life as possible. According to our results, although it is more accurate to have serial decomposition and calculation of the TBR of the prefrontal region, the EEG test can be directly evaluated if the appropriate montages are used, speeding up the detection of ADHD cases.
This study presents some limitations that must be considered when interpreting the results. First, the division into subtypes of ADHD was not taken into account. The reason was that this study focused on frontal lobe defects, which according to the previously mentioned research form the common nucleus that characterizes the disorder under study. In addition, at the moment, work with sufficient reliability is not known to demonstrate that a differentiation in EEG-based subtypes is possible. A second limitation is that the screening has not been correlated with the information extracted from the neuropsychological tests normally used for the diagnosis. However, this was not the intention of the study, but rather the comparison between different EEG-based diagnostic procedures, so that the correlation between bioelectrical activity and cognitive function, evaluated through such tests, should be studied in future work. Also, future work should be directed to apply this type of techniques in the school population in order to identify those individuals at risk of ADHD. We intend, in collaboration with educators, to organize a system for detecting the possible existence of ADHD, which would consist primarily of recognizing a learning and / or behavioral defect with parent and / or teacher observations and, secondly, If this first screening is positive, it would allow the rapid inspection by the center's counselor team and its referral to the neurophysiology service for a more accurate diagnosis, and referral, if appropriate, to a multidisciplinary treatment team for its treatment.
